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9.1 General Notes
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dose absorbed by the tiwle. it relatively went mcrtings (1%36-1962)

of the International (’omn~ission on Radiological (’nits (ICll(-), \vhile it
\vas statccl that the roentgrm (symbol r) be retained as the unit of measure-

ment of gamma and s-radial ion, it was recommended t}]at ~vhen ever

feasible ‘the dose Im expressed in terms of the [Iuantity of energy absorbed

per unit mass (ergs pm gram) of irradiated material at the plwe of in-

terest. ” The unit is the “rad, ” 100 ergs per gram, \vhirh rrplated the oldrr

“rep” which (Ioulft be as>igued values rarlging from apprwimatf,ly 80 to

100 ergs pcr gram. The ml is riot readily determined for ~amma or x-radia-

t ion; ho\vcver, t ablcs for its cst imat ion from ~xposurc dose in tissue are
provideci i]l reports of the (’onltl]ission. The conditions i]nder whi~,h the ex-

posure dose is measured >ho[dd be dc~ignated M free in air, at skin wrfoce,

or at x-centimeters depth, :md t}w Ata such as scatter, half -~aluc layer,

target-to-skin distance, :ud KYP -hould be includrd. In commenting on

the Commission’s rwon~nwrldat ions, Fnilla st atwi that “no phy~ical llnit

can flllflll the ideal re({uiremel]ts of making all biological efiects of ionizing
radiation :Ippear incleper]deut of wave length or more generally, independ-

ent of specific ionization, ” and that “ill the prescut state of mu- knowledge

no chemical or hi(Jk)~iC~] unitr:m fulfill the ideal rwluirement either. ” For

the purposes of correlating dose \vith effects on the w-hole body, depth dose

and dist ribut ion of the absorbed energy becomes of great importance, as
~howm b-v Tunis e( al. and Bond et al, Further, no sirlgle physical unit cal)
sati~factm-ily characterize the total dose because of differences in relative

<absorption by different tissues.

It is essential to attempt quantifiention of the biological response, as
well as the physically n~e:wurwi dose, when trying to correlate effect \vith

dose. The biological measure may include the I,D,O and the slope of the

close mortality curve, as in all toxicological st udies. other biological measure-

ments of dose are splenic-thynic weight decrease (Carter et al,), body
weight (Chapman al~d .Jerome) ,, gut \veight (Conard), the hematologic:d
response, sluvival time, iron uptake by erythrocytes (Hennessey et al.)
and histological changes. Quantitative measures of biological effect useful

in mammalian radiology have been reviewed by Storer et al.

9.2 Classification of Radiation Injuries

Radiation injlwies ran he divided into two general (,atrygoriesj early and

late injuries. The early type results from brief intense exposure, the late

type either from expos(lre to large sing]e doses, or from prolol~ged expos~wes

of lower inteusity. The Followlng is an outline of the t\~o (atrgorirs, only

the first of whirh is dealt with extwlsiv~ly in this chapter:

9.2.1. The P;arly [rljur-ie.sF’r~xiucrdbg 13rifj E.rpmw-e h) [.argc Drms (,J
Radiation.
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9.2.1.1 Irzjwc. s from pcr~ctmtlTIqMI<I!(I;I(II(
1. Tot :tl })(KIJ’exp(}surc : ‘lhe ,I(r’tc1111),->P:ll(lli(((l 11~ [I)t:{l llo(l,l I’.l[!!,i -

ti(JU nmy occur in m:[lL frt)nl expfhur( lo *:lI1lI!I:L:111(1or 111’\llr$)lIr:[lli.i[l,lli.

from a dctonztilg :lt omit bcJmlI, g:, ILIIIIL, (XII( ).(IIT fr,~tl, clc,.<-ili f:il~,,~lt

from ut omit Immlwj fron~ :Icci(.ltvlt. \\ it}] r,\(lltm~ti\c f]I:ttIll:\l> :~. lIlicl(,:(r

po\~er wluws, or in radiotherapy (i(llel fol llmll~liiilt y or 0..2 :]!<:I1)x~}f

depressing alltihociy rmpotlw prqmmt{,ry to ti>>~l~ tl:il~.~ljlttllt:iti(}ll l;s-
pos~we of allirl~als to s~]t,]l \\-f\ole I)c,d} rticil:it it,ll Illld: ex[)(rill,f Iltal (,olllil -

tions results in this type of illlww

2. Part in] body exposure: .<cut e ill! Iv+ nmy rewlt fronl p:lrt i:~l l~(dy
exposure to penetratill, g racfi:~tions a. i> conlmonly scwt~ ill (Ilvr;lpcuti<
radiation as for cancer,

9.2.1.2 Tnjuries jmm poorly pmctrati)~g radirrt~~ns. .+cute injury of the
skin or other body integumel\t> may result from hct:~ r:~y expu.+lires of the

skin rrs is seen with fallout rwfiatiou or froln aeci~lm~ts invol\illg h:~lldlllig

of radioactive materials. ‘1’his type of il}jury is dlwuxwd in the rluipt m 011

skin.

9.2.1.3 Injuries jrrm absorption of radioactr’w rnatrriar.s. .Mworption of
radioactive materials may occur fmm inhalation, ingestion or ent r:~nce
into the body from open w-ounds of f:lllout from atomic bombs or of radiu-

:wtive materials in Iaborutory accidcllts. Such a haznrd is much more

likely to result in chronic lol,g-tm-m effects t h:in in early efTects This type

of haz:ard is discussed in the chapter on irlten~:ll effects.

9.2.2 C’hrmic Radiation Irzjam]
9.2.2.1 Injuries from prnr(rating radiation. Totd body or p:lrt inl 1A)

exposure may rewlt in late effects, some of \vhich are listed l)elo\v.

i.
2.

3.

4.

5.

(i.
7.
8.

Blood dyscrasi:w SUL,h as:lrlen~in, purpura, leukemia.

Incream in degcner:ltive diseases.
S}lolte]ling of ]ife-spall; perhaps ar{,elerated agit~g.

Increase in incidenceof cancer.

Ret :Irdat ion of gro\vth and de\-elopn~ent ,in children.
Increased incidence of cotaracts.
Impaired fertility.

Genetic eflects.

,,
.. .

,’, .: ~

w ‘. .
;

.N1 surh late cffwtsare not discussed ill detail ill this hook hut arr co\-

cred else~vllere (Xational Academy of Scien(w report on l>athologital a)ld
Genetic Itfl’mts of Radiation]; Report of tile I“llitecl X-atiolw Scientific

Cott~tl]ittee oti the cfl’wts of atomic rfldiatiolll. lio~revrr, basit. considerat-

ions arc prew[lted it] Chapter 1.-,, ~wll(,ti{.s ill (’hfipter 14, atld results of

damage in Mtrro iu C}~apter 13.

9.2.2 .21n~uric.\ from poorly p(n(tra/inQ radia[lfm, lkta radiatiw~ injury

may result in co[]til~~lillgeffe(,ts ol] the skill in the form of chrollir radiatiol~
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dermatitis and calwcr of the skin. Such effects on the skin arc discussed
in Chapter 12.

9.2.2.3 Injuries from absorption of radiorrcticc materials. .-!bsorption of
rac{ioactive materials include long-term effects such as leukemia and cancer

of the belle. Such eflccts are discussed in Chapter 11.

9.3 Acute Illness from Total Body Exposure to Penetrating Radia-
tions.

This illness may be produced by exposure to a single type or a combina-

tion of different types of raclixtion (x-ray, gmnrna rays, or fwt neutrons).

It will be a rare occurrence in civil life and for practical purposes will not be
seen sht~rt of industrial :wcideuts and :~tornic \varf: we.The syndrome in

fulminating form was obser~-cd in the ,J:~panese (appropri:itely termed

“;ltonl}]o:lll~ellclise:lse” by them) follo\ving the atomic bombings of Hiro-

shima and l“i~giwaki in August 1945, and WM >ecn :~lso, in mild form, in the
Jrarshallese cxpowd to fallout radiations in 1%54, In Jap:m, accurate

clinic:d ubservul ious and laboratory studies \vere scanty during the first

3 weeks after the bombings. In the fallout accident invol\-ing the 31ar-
s}lallcse, extensiyc clit~ical and laboratory observations \vere made, pro-

viding extet~si~e data in the sublethal range. .1 number of industrial and

laboratory accidents have ocrurred in which human beings have received

relatively large doses of x-ray, ~~ammaj or neutron irradiation, and these
inridcmts ha\’e been revie\\-ed and summarized (Hayes, 19.56, and 19.57).
Some of the more seriotls accidents ha~e provided extensive data on

human beings exposed to both ~vhole body and partial body radiation in

t be nrar-lethal to lethal dose ranges [.lndrews et al.; hat h6 et al.; Hemple-

mann; Ho\vlaud, d al,, 1961). In addition, patients ha~’e been exposed -

extensively to whole body radiation, either for radiotherapy of malig-
nancies or to depress the immune response in connection with bone marrow-

or other tisue transplantation (31iller, Fletcher and C,erst ner; C,erst uer;

Thomas, Locht e, and Fer~.ebee, Haurani, Rcpplinger, and Tocantius;
lferrill, S [urray, Harrison, Friedman, Dealy and Ilamin). .Mthough con-

siderable data ol~ human beings has thus been pro~ided, the information is

far from complete. Onc or more of the following difficulties has obt aiued in

~ach instance, incomplete dosimetric information; range of doses inacle-

(luat e; number of patients small; exposed individuals have serious undcr-

lyiug disease; ohservat ions, for varying reasons, were not made in suficient

detail or \vith sllffitieut frequency; rourse of the disease was altered by

ucccsiary t rest ment. ‘l%us mauy inferences for man with rwpect to dose-

rwporlse relationships, wrvival t irne, mortality rate al~d sympt omat ology

still are Iwcd on arlimal c~x[)elin~elitatio[~. [!litially, ttwr(, fore, the response

of different spet,ies of auin]als to \vhole body irradiation \vill be rousidered.
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T\ll I.1: 1

Mouse
Rat
Guine:{ pig
Rak)hit
}Ionkey.

Dog
S,,-ine

Sheep
G03t

Burro.

Representative 1. D50 per 30 day ~al~ws for a number of species arc given

in Table I (Bold and Robertson). The absorbed dose in rads is the signific-

ant parameter that determines the d~grcr of biological response. .111

mortality data in the table refer to conditions of Pxposurc such that CIOSC

distribution throughout the body is mscntiril]y unifornl. The dose at lllid-

center has no particular significance except that it is convenient and repre-
sents the approximate e dose that all t Issues re~,eivcd (no single paramrt er is

ade~luatc to characterize an exposure uncfer roudit ions of non[luiform do>c

distribution throu@ the tissues}. It ran i!e secl~ at once from the tal)]c

that the 1.1)5{,values show no consist cut pattern as air dose. Expressed as

absorbed dose, ho\~evcr, the LD5(, ~-rilues for large animals arc considerably
smaller than for small speeies, and the degree of variation among spccim

is less \vith large animals. The 1,D5~ of man is not known with any degree

of accuracy; ho\vevw-, it is expected that for u~iiform whole body rwposurc

the value is approximately 300 to 400 r, expres<ecl as nlidrenter tissue dose.
The distribution of deaths as a fu)}ction of time after irradiation ~aries

\\-ith the dose of racti~tiou and with species. For example, \\-ith the dog ill

the lethal r:ll~ge, the mean survival time is approximately 12 days, ~vith
deaths orcurring G to ‘2Gdays after exposure, JYit h doses of 1000 to 1300 r,

some death~ occur earlier (.3rd and 4th d:~ys) ar)d the toxic s~’mptoms of
~-omit ing, nnor~xi:l, and diarrhe:t become more prominet)t. Iyit h (iose.+ of

1500 to GOOOr, all dogs die on the 3rd :u)d -lt h day, Severe dinrrhca ix pr(+el~t.

lVith the mouw, the distribution of deaths after irradi:ltion with dose+ Iew
than nll LI)5,, is esswltialty ul~imod:~l \vith pe:iti of drwtlw occurring 11 d:~y~

after exposure (Crollkitc, Bold, (’h:~pman and I,ee). Ill tile LD50 r:mge the

deaths become bimodal with a peak at 4 to 6 dtiys anti arlother L! 11 day?



.4s the rfose is increased above the LDIOO the first peak of deaths becomes

progressively more prominent and the second peak fades out so that with
doses of 1500 (O 1(),000 r the mean survival 1ime is approximate e[y 4 days. .4

simikrr phenomenon is seen \\’ith rats; ho\vever, the first peak is more

prominent at [csser doses of radiation. The first peak of cleat hs has been

correlated \vith severe gastrointwtinal injury and dysfunction (Bond et al.;
Quastler d al.; Rrwher and C’rollkitc; C1-onkite al~d others). The relative
sensitivities of the speries differ, the rat C,I tract being relatively more

srnsitive. The serond peak of deaths is correlated \vith the sequelae of

pancytopenia (infection, hemorrhage, and anemia) ~ If the LD50 of the

speeies is low so that amounts of radiation arc less than that needed to
produce the severe CII injtuy and dysfunction, the spcries has essentially a

unimodal distribution of deaths in the lethal range, with a mean survival

time of approximately 10 to 1.5 days, e.g., the dog. If I.Dw is high, a
modal distribution of cleat hs may appear, e.g., mouse, rat and rabbit.

J1-here nl~n fits into the abo~-e relative sensitivities of tissue is not yet

known; bo\vever the evidenre indicates that man responds in a manner

similar to the dog.

Tbe early diarrhea (first 4 days) is correlated \vith direct rtidiation

injury of the gast,roint estinal tract; ho~~ever, late diarrhea [7 to 2-I days)

ocrurs as a result of (dccrations and hemorrhage due to the pancytopenia.
Stildics strongly indicate t bat cornplet e hist ologiral r-wovery of the bowel

occurs by 4 to 5 days, hence if the animals survive to the stage of late diar-
rtma, the bowel has bwn reronst it ut cd. Histological st udies show typical

hen~orrbagir and agranu]ocyt ic lesions in a bowel that is otherwise approxi-

mateely normal in appearan{’e (Conarcl d d. and Brecher d al.).
\Vith the preceding in mind, the following is formulated with regard to

the probable respoilse of man to penet rat in.g radiation exposure at different

dose levels. M-ith small amounts of total-body radiation (under 100 to 1.50
r), there may be no symptoms or at most a transient nausea. Leukopenia,

particularly the Iymphocytopenia, will be mild and of short duration.

l~ith larger’ amounts of radiation, 1.>0 to 10(M)r, the (,hara(teristir (,linical

picture may develop. JVithin a few hours, pronounced nausea, votniting,

malaise, \wwkness, twadache, dizzinws, anorexia, tarhycardia, irritability

and insomnia will generally appear. I.eukopenia, anrmia and thrombocy-

t openia \~ill develop at difyerent mt es (Cronkite; La}vrence, Dowdy and
I’alent ine; ,Jacobson ef al.; Imlloy). The symptoms will {w~lally subside

\\-ithin 24 to 48 hours to ~ppear again after a fc\~ days, ‘NIP iuterval be-

tivcen the initial and the s~ltw.mluel~t synlptorns lHM treerl termed ‘the
Iatellt period. ” This latt,tlt period Ivlll lxwmw shorter \vith larq’r dw+ and

nmy h> abscllt if the (Io>a:r is s(lffi{,lent ly high. lVit h ternlillalii~rl of the la-

I
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,Iapa new. llif~,i,tit!ll. \\ci( piil ti[~ll:~rly :{[I!):I1(1}1:; 1(1.-}\v(( k. uft~’1 c\p~)>III(,

a!ld heni~)rilu~~i~ ~~lLIll~~~]l[Ilu\f’()\LI I(I (i \\[, cL. aft(l tSXIM).IIIe I l.cl{t}~ ~.

Detiail> of tlif .{ritil lII(,(x1 (lImI,u> t]:i\[ !,((’11 ((, ! (1’(d Ili :1 ~)ff,\ i(ii[+ rtl:l[ll (l’,

l~ith Iarg, ail~o!l~)i. of radli[tl[,rl (?W)() tu :W,OW)L, [f!<).i~!l.i~!l(i ~Jl]l~J!{l[ll.

appear ill all Illtclj.ificd l“orln \\ }tll l~lrtin >ur\i\-al til]l[, of :{l~t)[lt 3 t~~4 d:i},

$Yith dose.. ill rxc(++ of 30,000” r >~l(ldcn dcatll.- OLCU]ill lai(r p] ~,(ctiwi ‘l)>-

convulsiollsl relit r:il Iwl-ro(l+ Systclil >ylllpt 0111=,or r(+l)lrztt ory ~iifh[lllty
(Laoghan! // fll, )

9.4 Acute Illness from Partial Exposure to Penetrating Radiations

The acute ilh]esv timt is produced thy expo>ur-e of p:[rt of the Ixxiy to
pcwetrfitirjg radmtiolls is weu cll:il:~ct<>ri>tic:~li~- ill p~ltients unciergoillg high
voltage x-ray thmap!, for cancer. Ji’itk} rwspert to the il]itial x-c:dled

“toxic symptoms,” th(’y are similar to the Sylldrolne produced by a single
intense exposure of the \Yholc I)ociy to pellet r:~til~g r:idiat ion. Racii:lt ion of

certtiin arem of the Imdy \vill produce tiw ilillcss ~~ith grwter frequel~c!-, or
with less rwlintion thxn for exposure of other ports of the body. ]’kp(JSUre

of a relati~”ely snuill are% of the body does Imt produce the severe paiq-to-

penia that results from exposure of the whole body to the sanlp anloullt

and type of radiation, Irradiation of the thoray slid abdolnen, particlllar]y

the upper ahdonle]l, prod\[ces a high incido~we of nausea, vomiting, and

anorexia. In cent rast to this, irradiation of the head ald wit remit ics rarely

produces tlmse symptoms. Sillrc tile clinicai rwursc al~d halldiillg of this
type of reaction to penetrating irradiation have heml amply covered in
recent text hooks and rcric~vs of’ clini(,a] radiology, furti]cr ciiscwssi(jl~ is

not necessary.

Thew initial “toxic syn~i]tonls” should he disti~~guished sharpil - from
the serious syndromes that ran develop in days or \veeks if sizeahle regiot~s

of the body arc exposed to high doses of racliation. l;or instance in the
Lockport accident ((Ho\~land et a[. ) a variety of sigrls and sympton]s in-

ciuding severe pancytopenia developed after exposure of thr head, thorax,

and abdomen to large doses of x-radiation. In general, following partial or

surface expos[we, the organism is able to react locally and grllerally to
injury, in accordal~ce \~ith the concept of adaptation (Selye). Bond d a[.
have demonstrated that local irradiation of the ahdonwll find elsewhere
in t iw body prociucc> the alarm reaction as ciescritmd lIy Selye. In cent rast

to this, exposure of the \Yi~olc body to large amounts of pellet rating radia-
tion produces ciifYuse injury of ~aryilig degrees to all t issues atd the or-

gtil~isn~ may lx’ iws al)ic or ullat)le to reart \vit h the usual protective all(i

adaptive Ilwharlisms.
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9.5 Pathogenesis of Radiation Injury

Xumerous theurics hove hwn ad\-anccd to explain the biological effects of

ionizing rodiotions. (h]ly those thwries which may help to understand the

pathogcnesis of total body radiation and which may indicate a possible
. therapeutic npproach will be considered in this chapter.

It is probable that the primary interaction between radiation and tissue

may invol\-e either direct “hits” On biochemical rnolecu]cs, or “indirect

effects” on stlch molecules mrdiated t hro[~gh radicals produred by inter-

act ion of the radiation \~it h \vater and other chemical substances in the
t isslle. These primary phenomena \vill not be (onsidcred in detail here. I:or

p~lrposcs of discussion, only those mechanisms at the biochemical (Jr higher

leYel that have been considered to play a role in initiating and continuing

thr acute radiation syndrome will tm considered. Se\eral posslhlc mech-
anisms that have }wen considered to be contributory are listed and dis-

cussed below, ever] t holigh some of t hrw are currently believed to play a
minor, if any, role in the dcvelopmeut of the signs and symptonls obs~rved.

1. Enxyme inhibition; activated radicrrls,

2. .$ltwrtions in cell membrane permeability,

3. Generalized protein dermturation,
4. Inhibition of mitosis; chromosome changes,

5. Production and circulation of toxins
6. .ldrcna] cortical insufiiriency,
i. Pancytop~uia and its sequelae.

The syndrome is obviously the result ‘of dist urbanccs in the homcost asis of

the animal produced by cellular injury of varying degrees in different organ

systems. The fifth to seventh mechanisms are attempts to rxplain the

clinical syndrome at a mammalian !evel. The seventh mechanism probably

the result of the fourth, \vill explain most of the grow clinical and p:~th-

ological observations seen in animals dying in the lethal range.

9.5.1 Enzyme Inhibition. The concept of enzyme inhihit ion has been
carefully and cxtrnsively studied hy Barren and associates. Initially it was

thol[ght that enzyme inhibition \~as not considered important bwause the

doses ne{msary to inactivate concent rat cd c~myme solutions were 10 to

1000 t imcs greater t ban those that seriously injure living tissues. The
presel~t status of the enzyme inhibition concept may be summarized as

follows:
.is a result of the work of Fricke, 19X, and of Dale, ]943, :Llld others,

it hw been shown that in dilute solutions the number of molecules brought

into reaction is proportional to the number of ions produced ill the sol\ltion,
:~~ld is ir~deptv~dcllt ot’ the conccl~{,mtion of the solution. This led to the

concept that the act mn of the radixtirm is not primarily ou the di>wl\-cd
#
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Substalwe, but on the SOl J-e Iit ‘1’11( a ii\:itlr)ll of \\atfl (l)ll>l>t. (If tll( l) f(J-

ductiol, of highly rearti\-c oxi(lIJIII: >LIII>t:LIii m t )1{, 11,( J :iII(i otl,(;
complexes) as the result of’ ioflizlll~ radutti{)tl ‘1’h( :1,(IY( pr’odlllt. l):<,-
sumably oxidize the sulfhydryl ~]VULJ.. (S II of Il!al l}” (lIL! 111(% (() tll( (>11-

Zymatically iuactive cfisulfld~~ forth. ‘I’t Ii>ilia(,t i\ aii~)l( i: g(,II(,12LllyI,(,V(IIs;II1(,
in the lower dose range, R“lttl l;u~~r an)m[llt,. o! ].a(ll:itic)ll, {II(, CII/y IIIe

inhibition is also produced })y prot (,111eliz~-mc (1(,11:1( urat io[, by direct

rupture of c}lemical trends. ‘Ills t>-pe of dc)uitlirali,,,l i> ittt\<,r.11,1(,

Reversible enzyme inhil)itiun nMy play a pxrr ill the Illltiatit,[l of t}le sytl-

dronw of radiation illurw, parti({llarly )11tl,r Ictlltil ral)~e, t)~lt is pMIIIal,ly
not the only and may not be tl]e most illlportallt il~it tat i[~g lkie(h:~lllw~.

Recently Pajewwki and ]’auly have st~dicd the effetts of rtidmti<)l~ on

enzymes in impure solution, and flu[is the dose> rNIUir(Ld for irm(t ivat iorl t o
be quite high. ‘I’his may be rxp~aiued on the basis that while cnzyr]lf,s in

pure dilute solution may interact with esscntizally all radi{cals produ~,cd ir~

the water, in the presence of relat ivcly iurrt compet il~g slll)starlre>, \cry

high doses may be required for significarlt ina(tivatioll, Thus \\ bile cr~xyn~c
inhibit ion may play a role in producing damage, there is at prewt~t no

conclusive proof that this n~echanism is of major importance ill prod(lcitlg

the acute radiatiol~ syndrome.

9.5.2 .4 Jkwtions ;n ~he Pcrw~cabi//ty of C’c[l .lfrmbrunrs h:~ve hwl) p, ,st u-
lated. Absorption of water and vacuole formation car] be olwervt,d \vit hil 1
nuclei. This may result in alterations in the permca})ility of cell rnembra[]es

or an increased intranuclear osmotic pressure (Iroi]la).

9.5.3 lkr[crtumtion oj Proteins. In general, in addition to the protein
enzymes already considered, deuaturatioo has bpell posttllated as teitlg
responsible for sonle of the phenon]ena that arc, o})s[,rved Denaturat ion ib

knoivn to occur at higher dose ranges; ho\vcver, it appears IIulikely that it

plays a sigglifical~t role at dose levels of most interest hioloyirally.

9.5.4 Inhr’bifim o~Mitosis; (’homosonie (“harig(. s, IIitotic inhibltiou occurs

at relatively lo~v dose levels .Ipparent recovery may result, and the mit ot ic
index may return to norn~a] within a short time (k’li~dner ct al,). Ho\rever,

e~en at doses as low as 100 or 200 r, a large number of mit ot ir figluw may
shoi~ obvious al)normlalitim (]}~lrk; Render; Iliedller, Bond, Croukite 1.
These al}l Iormalit ies may range in se~wit y from ~ross disrupt iol~ of t hc

rhromosomr pattern ~vith fragnlentatioll of ir~di\id(ml chrolllosomm to

chrolnosonw “stit.ki]less,~’ ald ulIdo\ll)ledly to daulagr 100 sul)tle for
detectiol] t)y rytologica] nww~s. ‘1’I]e cell so atfect(,d nlay die eswl~t ially
imnwdiat ely, it Iuay fail to (Iividr aIKl t)c(wme a “giar)t” cell, m it may I)e

ahh> t(J go through a [illlit( ’(f I1lIUL[)(JI. of sll[)+e(ll~(>]lt di\. i~ioIIS [) Cf(Jll> al]

progeuy die. TILe net result is that the proliferative potential of orgatw

composed of rapidly dividi[lg cells is redured, and thus cellularity y is reduced.



Jn normally noldi~iding rell systems as in the liver, chromosome damage

ran be h‘unmasked” by induring cell division as a result of partial organ

extirpation. It is still an assumption that the chromosome cfanlagc kno\vn

to ortur is rcsponsih[e for derrcascd proliferate ive capacity ---such damage

could l)c pl cwnt conrou:italit ly \vith other lesions respon~ihle for the

defm’t .

9.5.5 Circul[lling To.rims. ‘llle production and ‘or ahsorpt ion and cirwl-

lation of toxic substances from imsdiated tissues or :ahsorption from the
bowel \\-hose selecti\-c permeability has been changed, have been considered

by some as contributing to the dc~elopment of radiation ilhwss. Others

doubt its import auce. 13ucterial pyrogenic sub~t antes, digest i~e enzymes,
and “enterotoxins” from the bo}vel :md histamine-like wbstanecs from
tissue in ger]crll] h:l>-e been considered })y various investigators as pkrying

son~e ro]e in the path< genrsis of radilt ion illness, To d~~te, the ~v:~ilable

e~idellce in fa~or of indirmt effects upon the blood-forming org:ms by

circulating toxic wbstanws has not been conc[usi\’e (Lawrence; l“alentine

and Do\vdy; Campo, Bond and Cronkite).

‘rhe histamine theory of radiation illness has been advocated by Ellinger,

\vho considers that many of the effects of radiation are due to the produc-

tion of histamine-like substances. Other investigators have failed to demon-
strate significantly increased amounts of histamine in the blood and in tis-

SUCS.Jyeber and Steggerda have obtained convincing information showing

that there is a correlation between the incre~se in histamine le~els of rat
pl:wmn and deprmsion in the blood pressure follo\ving x-irradi~ltion. Tech-

niques for detecting histnmine are difficult and failure of some investigators

may have been due to technical difficulties, In addition, the prewlcc of in-

creased levels of hist:lmine dotw not neces>ari]y menn that histamine is the

cause of the various phenorncua that arc seen after irradiation but may

simply be rr result of the fundamental defect produced by the effects of
ionizing radiation on tissue, Conard bas showm in a st{ldy of the motility,

tonus, and contraction of the bowel immediately after irradiation locally
thzt the behavior of the bo}~el is not identical to that produced by hista-

mine bat hs or injert ions. Other evidence \\ hich suggests that hi.st amine
may play an import aut part in the p:~thogenesis of radiation illness is the

fact that conditions that increase the histamine contcllt of tisww may also

increase the lethality rrrte from x-rays. For example, induced hyperthyroid-

i>m increases the hi>famiue coutent of tissues (Parrot) and increases the

M halit y of tot :d body x-r:lys in mice (131muit and Smith). .Idren:}lwt ,]my

:~lso il]cre:ws t hc hi>t arnirw content of t iwles of the rat (Row and 13ro\\-n]

find (definitely illcrtw.m the letlmlity of x-rays (Cronkite and (’h:~pmatl;

Kaplan; l~d{,hu:[l) :il)d C:\mpo).

9.5.6 Tlw ROLJ ,IJ (hc .1drmals it~ the .1 CUICRadiati(,n .Syndrom. ‘flc
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R\ DI\Tio Y l\.I[” F+\” IT+ l>\ T;it)(, F\ I:..l+ \\[, Tl{Ft:\Il .21 1

adreu:~l> h:i\t’ }w\Ii ..hil\\ 11tt~ pl:~y :( r(~l[, 111th( :ic~[tt r:l{ll:~tr[~~l>}]ltll(in~t,

hmve~cr, the ]I,lp<! [III(( (,f thi~ rolI, II:L. IV(li (LI \\ltl( ’1) (Ilfl-(.r(,l)t (,\.,l!L(:~.

tions, (“crt:\itl >i]llll.irvtl(~ lwt \\(,[lI :\({l(r(,ll c,)r(li<~l lrl~ofiIc](r)(y drld :Ict]tf
r:~diatiu~! illj ur~-. >uc~l :!. ch:(rlgi+ Ill l~l[x,(l rllli)l vim. ‘1\\.Ltt,r ]l~et:tll~ i.n~,

blood choh+t(,rul, f:tt dvp,,~it i~i t}lt lrvcr :111(1tj~w[l ~u~:~r. h:ive },wl~

claimed. There i> 1]() d(oui)t th:it p{)I)”di[:wia ar Ki p<)Ijuri:( f~jlltj\\- hw~y e>-
posure, and that tlwrc miIy lIc a rmfi-tril)uti[)n of ffuid> :(< ill(lic:itv{i hy

blood volumr, pl:t,~n]:, nnd hen,ntocrit cl):~,,g(~. :Lll(l St,nl(’ od(rna The

changes in l)lood cb(,ri]i:try :we srlmll :~])d :-tpj):t[t,]~tl~” iljc{~lt>i~t(’l)t. “1’he flllitl

b:dmce chal]ge~ not(d follo!ving Mute tot:lllmly v~pt].~lrt’ c:(11 I)c expl:~i]lwi

on the basis of vonlitil]g :md ‘or di:~r,rh(,:[, wi[h [11(,rtv-riltili~ fl~li(i :In({ ek-

trolyte 10SWA,a> well M the eventual fiiiiure to e:~t :aIIcidrirlk 31:IILy (;f the
changes mnj- bc expl:iined w rcmlt ]Ilg from the st r-m accomp:lnyil)g the

disease. Patt and associ:~te,- h:~ve des[ribed o series of chmnct cri,.t ir ch:ll,ge>
in the rtclrwmls of the rat exposed to vnrious cl(wg(,s (of x-rndl;~ t io]l, \vhich

were prcvcntcd by hypophy,wctomy. I.;videllce has sillrw been prewlted

that indicates r:acliiition is not al] exceptiml to the gweral rule that tdrt,rl:ll-
ectomy sensitizes to all st resscs (Cronkite and chi~p[n:(n;Kapl:(n), >-im>
and Sutton prwentccl dat:i ml the rat which indicated th:lt the p{oly(ii~)>i:t

and decrease in :idrellal cholesterol Icvel following 11”13R were the rwu[t of
increased acti~ ity of the r~itliit:~ry-:ldrell:~l +~->tem, and that t}~c initi:ll f:~ll

in liver glycogcn wm principally the result of lo\vrred food intake. I,a>.wr

and Stenstrorn, in a clinical study of patients folio\\-ing pelvic are:a irradia-

tion, found the degree and time course of “rwdi:ition sickness” to correl:lte
with changes in the absolute pcriphcra] eminophilc count, but not }~it}~the

Thorn .AC’~li-e(~si])c)I>liile, l-hours response test. “Iley concluded tllilt tile

adrenrd cortex ur)derlve]]t definite changes in the courw of irradiation, but

thfit the chal~ges prc)h:lhly were not related to clmic:d ‘-radiation sickness. ”
SaOt istcban et a[. shelved that tort isone replocellwnt t Eernpy progrcwi\clY
restored the re~ist :Ince of irradiat ecl-adrr]]alect omimd mice. Iio\rmw,

events cau+illg dcwth irl tbe irr~ldi:lte(l-il~t:~rt mim:ds differed from thow in

the x-irr:tdiatmf adrena]ect omized group dmpite tort Iwne trwrt]oent, indi-
cating that cortisol~e may only partinliy restore resistance, Bond et a/, ob-

tained higl]ly selective irr-adi:~tion of ~arious w):~il portions of the rat \~ith

a “pencil” bc:ml of 190 mcw deuterons, :md found that the t hymus, sphwl,
and adrenal weight+ clmrncteristic of pit[lit:~ry-~dret) :ll stin~ul:~tion rwuited
only if and lv]lell tht, irrudiat ion given impos?d wj.ere Stress on the animal,

&~ indicated bv the gross svmptoms of illness :uid body-weight loss. Such

changes could not be piicited by irradiation of the adre]mls alone, nor wrw
they prevented by ~ldrell:~l irrxli:~tion if addit ionnl radiation darn:age to

other tissues sufliciel)t to put the aninl:ll under ..~t rcss” \\-ere pre>cjlt, The

isolated, perfused cllf’s adrenal gland wm used to study the effe(,ts of



gammti radiation on the secretion of adrenal tort ical hormones (Roscnfeld
et al.). %cretion \Yas nkarkedly reduced; ho!vcver, it should t)e noted that

the doses used \vere in excess of 2000 r (some five times the 1~D50 and al\vays

supralethal), and that the isolated organ NW removed from secretory
stimuli that IU:LJ’k present il} the intact animal fol]olving acute total body

irradiation. Thus, the author’s conclusion that the aclrenal corl ex must be
considered a r:]clio-res~](jl~sivc tissue catmot be considered to charact erize
the role of the adrenal in acute total Iwdy irradiation. Freneh et al. hat-e
dcmonst rated early changes iu plasma hy(lroxycort icost eroid le[-els, w well
as changes in the peripheral ueut rophile, lymphocyte, and eosinophile
counts of monkeys giveu from 50 to 400 r total body radiation. The changes
were n~aximal tit 4 to 8 hours. and v;]lues \vere again nortnal by 12 hours.
S]lie]dillg of the head or adrenals did not modify these early ch:~l~ges, im-

plying that they- \vere l~ot the rewlt of a direct effect on the pituitary-

adren:ll axis. Brayer et al. found, after n supralet hal dose of WJ3R (1000 r)
in swine] that a marked iucrease in urinary excretion of total adrenal

cortical steroids occurred, lvhich Jvas most pronounced in the first 24 hours.
In the case of the irmdiated animal in the lethal dose range where pal~cyto-

peni~ is follo~vecl by its common sequelae of infection and hemorrhage, there
is a depletion of the adrenal lipid :~nd by illferel~ce one might say th~t this

reprcsclLts the st:~ge of cxhaustioll in the adaptation syndrome. The prew.]t
writers are inclined to il]terpret this termilml state as being simply the

reaction of the organism to an overwhelming infection and not, primarily

to the initial radiation injury.
In vie]v of our present knowledge, it appears quite certain that the role of

the adrenal cortex is secondary to the stress of radiation in the development
of the acute radiation syndrome. The previously ciuoted biochemical
changes, the complications of hemorrhage, nnemia and infections, the bio-

logical complexities of various nu~nm~nls, and the simultaneous operation of
factors ~~hich may change electrolyte and NWter met abolism in opposite
direct ions at the same time point o{it the hazards thzt are contingent upon
dra~~ing conclusions that adrenal insufficiency exists because some of these
changes are observed. The recent re~ie}v of Sayers on the adrenal cortex

and homeostnsis poiuts out this problem in great clarity. The problem is
also discussed by Xlole.

9.5.7 Pa?lcytopcn ic ,Yeque(ae, Injcc/imL. The sequclae of paucytopenia

are infection, hemorrhage anti anemia. The latter two are discussed in

C’h:~pter 8. Infection here \vill be discus.+ed as it relates to the lethal range
of exposure, i.e., the range where some, but not all, of those exposed will die
within a period of se~eral weeks and to the sublethal rfinge.

~~ide[lCe that illfeCt ion is of i[llp{)rtii[lce h the ii(?ute rdhition S~Udr~rLN?

falls il~to >e~-eral categorim: (a) Clinical observations on human beings ex-

1
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posed to l:,rgt (1{,.(s ()f r,,li:[ti<l, Ill 1}], J:ilJi]lfw’ }K)l,,lil,g. .:l!i il: lt:il,,l

:i[:(’iflritl> :LII(I .irlli!.~r [)l)-~,ri,~(iifl$. OIJ l:Irg( :Illi[l,l!- (i> ill; f’rII:II r.ll):!ti)l

expwuw. (b’t [’OYIt’l:~ti\ e >t\IIlic- ~}Ii tll{)rl:ill~tr:~te,timt (.)( (I f,; itli, :11111 111-

cidcllc(, uf }J()+itiI”F blot)f] m]turw II) i[l]iri]:l]~. (c) (’h:il!f’]Igt (,f irr:t(l}:~(r,j

allinl[l]+ \] i!}l 1 il’U}(’llt :Illd 1101’lll:(~]y l) Oll\”i I’ll]Cllt (J~gillll>rll- (d ~[U(]if’. (.Ilk

>1 [e) Studie> of 111(eff(,cti\entw- of :inti}jlfjtic~ if\ r(d~[ci~~ggerni-free :Illim., >,

radi:ition mort:ili(y r:ltt’, (f) Stu(li(+ [}u t}l(, effc~tivellex- of :Igellt> thi(t \vill

augment ot r+ture Ilat \tr:ll snt il])](rol)i:ll df,fells[’> oll mf)rt :llity r:~te Ill ir-

1 f thc+c lill(~ of e\i(delice i> gi\-ellradiattd :(llilnals. .4 I)rit’f \vorYl 011 e:~(I 1 (1

belo\~.

~hc J:Ip:IIIew dyi]~g of “i{t [~11}1)~J1]kl]t>l~~li.~c:ls[>” al]d hun-l:lll l)eing.s llwvily

exposed at the LOS .M[ltos arlidel)t (I1cu~]Jlcu]:tn ( / al. ) and ‘I”u~<sl:l\’

(~[ath~ cl al. ) sho\ved ulllnistak:il,le evidet](e of il~fe<tiol]. Siglw atid

symptoms il~cluded high fever, Iiudwig’s angiua a}~d other mut,osal and

cutaneous infections, cellulitis, p!lellrllo!lia a(ld septi(~lllia. .411topsy

findings bore o~it the clinit,al pitturc, Similarly n-ith large animals, par-
ticularly dogs, the temperat~lre begins to rise 3 to 4 days before cleath,
and is us(ml]y quite high prior to death. orocutaneous lesions are conm~on,

At autopsy, pncumouia is the rule, as \\-ell as other eridellm of il~fwt ion,
At doses of tot cd body radiation eveu in the high sublet h:il range, hoN--

ever, (Ilnr,sl)xllew expw.ed to f:lllout g:~mnul rndi:it iol~, croukit e et al. ) no
evide[ice of il~creascd susceptihilit )“ to illfe(’tiol) m:~y I)e maII ifest, ‘~he

~lar~hxllese, in some of Ivhom the neutrophi]e counts fell below 1000 per
mm.:, shoivcd no increase in the incidence of infectious diwmsm over col~trol

groups. Epidemics of upper respimt or-y infection, rneas]es and chicken pox,
that occurred 11-ereno more pruuouliccd in extent or set-wity in the exposed

population compared to unexpowd Il:irsh:lllf+e in \Yhom simil:lr epidemics
occurred at the sanle tinle. Sin)ilar]y, th(, hea\-ily-expox~d indil-iduals in
the 1“-12 accidcrlt (.illdr(;vs pi al. ) sho\yed RO illfcctiorl~ that collld he

attributed defh~itcly to radiatiol~ exposure.
The time of peak iucidei)ce of b:~ctcrerni:l in irr:idiated animnls has been

correlated }Vith the time of pmk inci(lmc’e of mort :~lity in the est ellsive
studies of C. P. ~Iiller MId his group. The org:~}lisnls :Lr(:chiefly m)teric ill
origiu, arlcf app:lrelltly ,qlill :lccess to the blood stre:un through the bo\vel
wall. .4 posit ire correlation)”, of course, does not prove cause :Lncleffect, and
it has been ~t:lt{.d th:lt such org:Lnisllls represel~t :IgoII:ll iuv:wion anti thus

may he “incidental.” .-1cause and effeot relat iol~ship >cems highly probable,
particularly irl the light of evi(lc,l)(,c from antil)iotic therapy studies out-
lined be]o\r. Total body irradiatiotl has bee[k she\\-11 to activate infections

that other~rise remail)ed “lat cut” (Bond e{ al.).
Challenge Of irr:~diated mllin)tils \yith Virulent, or norm:~lly nonvirulel~t

bacilli results in death nt infective levels that produce ])0 mortality in non-
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irradiated control anim:!ls. Jvith virulei]t orgal~isrns, an nppreci:~h]e incre:lse
in mort alit y rat e is seen at x-r;ldi:it ion dose levels helo]v those producing
mori :llity in the :Ibsellce of ch:lllenge (Shechmcistcr et cd.). JYith nornm]ly

nonvir-ulm~t organisms, the mort nlit y rate follo~ving exposure in the let M
range is appreciably enh:~l~ced. Il~crRwd suscept:ibi]ity to viruses, Rickctt-

si:l, p:uwites wch as Trr’chinr//a spiralis, :llld b:wteria] toxin+ in the ir-

r:vdi:~ted :Lnilnal ha\-e becl~ reported. .1 syner:ist ic eiYect of x-rwliat iou and
rortisone in incre: wing susceptibility to administered b~lcteria :md viruses
has been reported (Friedmon et al.),

It is of importance to point out, ho\\e\-er, thwt there is cclnsider~ble varia-

t ion in the degree of increased sensitivity to different l~licr{jorg:l[~isn~s or
toxins, :md in the degree of effects depending on the mute of :~cll~lil~istr:~tioil
(see I]nder mechanisms of increased susceptibility below). Spccifictallyj Hnle
and St ol~er haye sho\vr} th:lt although :1m:~rkcd increase in w~cept ibilit y to

pneumococci is eviflent in the irradiated moose, no such inrre:we is found
for mice oh~llenged \vith a virulent il~fluenza virus. With the virus innocu-

]at io:l, the anirmds \vere protect cd against secondxry bact eriai invasion \vith
OJI t ibiot its. ‘~he degree to \vhich the reported increased swcept ibilit y to
viruses in irradiated indi~idu:ds is due to secondary bacteri:~l invnsion is
not kno\Yn. Xeut rmphiles play :1 kwgc role in re>ist :mce :~g>ainst b~ct erial,
I)ut not vir:)l disewcs (JYood). The peripheral l)clltrophile count is pro-

foundly aff ectcd by irrndiat ion, and t bus a greater degree of altered im-
munity to bacicrial, rather th~~n \-iral illf(2cti(JlM might be expected. .lt any

rate, t)l:mket stateme])ts relating to susceptibility of the irradiated host are
not u-arrant ed, and specific considermt ion in each iustnnce must be given to
the infecting ngeut, the host, the physiological st:~te of the host and the

degree of exposure to both radi;ttion and the infectious agent.
Germ-free nuim:ds die following t ot al body exposore to x-r:~rlintion (Rey -

lliers). ‘~he dose re{luired to kill, ho~vever, is somewh~t higher than for
66rlormal” al]imalsj and the sur\. iv:d time is increased. These results can be

taken os indicating that infection nmy be responsible for death in the ir-
lt higher doses, :Ininl:lls die evenr:zclmted ~wmmls m rwtoln dose r:u]gcs, .

in the absence of infection. I-kt eu~ive hemorrlmge probably is L major cnuse
of cleat h in such :mimals; however, undoubtedly other poorly ul~derstood
biochemical changes cent ribut e,

.$nt ibiot ics ndmini,stered follo\ving r: Kliation exposure h:nve t)een show-u

definitely to m]hance survi\-nl llnder some circumstances. The incidence of
spent aoeous mort tilit y has betq~ sho\vn t o be reduced, :Ind mort :tlity in
x-irradiated mice >utwquent ly challel}ged with virulent organ i>nls h:~.~been
decreased.

.intihiotics, ho\\-ever, ShOIIld not be (considered to be llcees.sarily life-

-+villg follo\\-ing se\ere cxpo>ure in the hlln~al~ Imillg. TJYO h~ln~all b{.illg~
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9.6 R6sum4 of Acute Radiation Effects

To recapitulate an(l summarize, it is appw-ent th:~t dilruse cellular illjurl-

of ditlercnt degrecx is sustililled IJY all tisx~les ut the time of ekpmure to
radiation, The exact mechanism hy \~hicil this il~jury is produmd renmins



poorly understood. The degree of injury of various organsis the function

of the ~mount of ionization produced ~~ithin the organ and it is apparent,
\~ithmlt extensive discussion, th:~t clinical pictures will vary \vith the rela-

tive degree of injury to various organs and the inlportancc of thr organ in
the over-all economy of the allirna]. For example, epilation may be very
prornincnt, if {’(>l~clitiol}sares{lch that theskitl:~t)solhsn ~oreradiationt t]ar~
deeper structure<. This may occur if a rx)rnbination of penetrating and
slightly penetrating radiations are si[ll(llttll~c~)(lsly received. The protoplas-

mic injury itself, ~vherever the cells may be located, is probably produced
by z combination of el)z~-n~eil~hil>itiol), alteration in crll(~l:ir p[’rl~~(’~~l}ility,
mitotic inhibition and chromosome damaxr. (’ot)con~ital~t ~vith or shortly

after the diffuse cellular injury, “t(Jxic” symptoms (nausea, vornitilqz,
pcrl~aps{ii:tlrllea, malaise, headache, auorcxia, etc. ) develop. These “toxic
Sy-nlpt Om” subside within 24 to 48 hours, and during a variable latent
period, depending on the dosage, only the hcmatological signs are easily
found. IVithhigher dosesof radiation following \\-hich there is avery short”
survi\-al time, there is no latent period, no subsidence of the initial toxic
rvartion. The vomiting continues, diarrhea develops, prostration occurs

and is followed by death within a fe~v days. In this high dose range, in
excess of the minimal amount that will kill 100 percent of the animals, the

death is well correlated symptomatically al~d histologically with severe
gastrointestinal injury \vhich is not rvverscd during the survival period.
.At lower closes, ron~plcte histological recovery takes place Tvithin 4 to 5
days (13rwher and~ronkit e; T\lllis). Durilg the latent period, aseriesof
cellular and histological phenomer~a are occurring. In the opinion of the
authors, the main reason for recurrence of symptoms and ultimate death
in the lethal range is the failure of adequate regeneration of hernopoiesis.

There may be an adrenal component or other as yet unknown factors
contributing to the lethality but all e~idence to date points towards the
importance of hemopoicsis and its regeneration in survival from poten-
tially lethal radiation injury. .ft any rate, the latent period is terminated
with the recruclewence of syn~ptorns and signs. The Intter are well known,

:md iu the mech~nism of development can l)e fairly \\-ell explained as fol-
lows. *

The panleulic)penia is se~-ere and progressive. Intheglal~~llol~cnic state,
nccrotizing, nonpurulent reactions develop att hesite of infections. IIemor-
rhagic manifestations appear and may progress, The hemorrhage, is most
likely due to a combination of many factors, ho\vever, tllr(.)nli)oc}-tf31>ellin
\rith a f=onromitant poor clot retraction, poor hemostasis, impoired pro-

thrornbiu Iitilization, tnd the prolongwl (lotting time, pmlmbly can ade-
quately ex])lain all the pheflomena. It is not newwary to il~trod~l~)e the
concept of release of anticoag[llants by irra~!iation in order to e~plain the
prolongation of the~rilole-l)loo(l clottillgti~l~e.



,.

9.7 Factors Modifying the Response to Whole Body Irradiation

Yario\ls foctors may favorably or unfa~orably influence the leth:dity of

total-bcdy exposure to ionizing radiatiml or the serisiti\.ity of vario\ls struc-
t ures to ionizing rdint ion (see also ~hapt er 12). These fnct ors m:]y cou-
Veniellt ly he grouped illt o preirradiat ion and pmt irradiat ion fact cfr<,

Before takil~g up those factors \vl~irh are spccificfil}y proved to modify
or not to modify the response, the following gcneralit ies haye beel~ assumed
true by most, though not necessarily proved.

9.7.1 .4g~ (7nd Sex. The very young appe:u to be more sensitive to r:di:~-

tion (.ilmms, Kohn and Knllm:lln). Some cvidcmce for illcre~lwd sensitivity
of children WLS seen in the exposed 3 Im+alkw ((’ronkit e et a[. ). ‘lhre
seenls to be iitt]c dependence of sensitivity on age it) the mature wlirnol

(Kohn and Kallmatl) ; ho\\-ever, the rat sho\vs increasing srlmitivity N ith

increasing age. There is evidence that the feq)ale may be more resistant

than the rnalr (Cronkite ct al.; Carter P( al.); however, the cfifferellw is

small and is not foul]d consist ellt]y, particularly- \vith slnal! populatioils,

9.7.2 Enrzronment. There is some evidet)cc that cold, traunm, hunger,
muscular excrtiol], and noise \vill inrre:lse the lethality of n given C1OSCof
radi:~tion, Since a major cause of death following potelttial]y kthnl irradia-
tion i~ infection. it is ILot unrc:wnahle to expect th:lt :iuythillg th:~t \Youlcf
increase the suwcptihility to infection IYoulcf iurre:m the n~ort21ity.

9.7.3 ;Illrrg!), lmm~(n K’{!),,I[ctahf,lic I)i,m-d(rb, and [)idary IAjiciencics.
There is little kno\Yll :l}mut the i])f{(lel]ce of thtw f:tctors 011 tlie h(lr\’i\;il of
n):\n. ~]()\r(?Y(’r, nli~{> \Yith illd~l(’d ]~~~)(’rt]l~roi(]i%lll [\r[> Illor(” S(TIISiti\’C

(Blount and Smith). Dietary deficielicies of vit:)rnil)s :~l]d proteifls gel~er:llly
seem to increlse the incidence of radiation illness :~fter x-ray ther:~py, par-

,
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:
t icularly m-er the abdomen. How-everj the data that ha~e been prcscntcd

?

ore uot stxtistimlly conclusive.

9.7.4 I’rcrudiation Factors that Increase the Sar~imi Rate. In this section
is illcludcd a discussion of a number of procedures and agents that must be

“(carried out or be prwel~t prior to and, or cl~lring actual exposure to radiation

in order to afford protection. Perhaps the most \videly knolvn procedure is

a !O\Y~l’illg(“)fOs~gel~ tpll~ioll, Or h~~(JXh, fi]’St ShO\V]l 11~ 1.aCaSS~~lM2 ill l!)~~.

This fil~ding has lIsen (’ot~firnwd extensively, a]ld protection is afforded
not only against rmly Mwts (I.itnperos; Dowdy d al.) hut late rflects as
Jvcll ( l.amsorl, llillit~gs cf d.), .iltho[igh hypoxia duril~g irradiation is
f~asily accomplished by means of rkposllre in an atnlosphere (olltainilqg

little or 11ooxygen, 3 ll\mlher- of other proccclurcs or agents that prodllcc a
]O\WPrill~of (JX~~C]l t(’l]Skil ill t]l(’ tkK’S appear to Paled f’ia thk Il)(’(’ha-

nism. Thus hypothermia prnterts presumably by virtue of the fatt that it

results ill hypoxia. C’arbon monoside (Konecei, Tay]or and JYilks) aud

cyal~ide (Jlac(~ and Herve) are capable of inwcasing the survi~-al rate.
.lgents tlmt prod~[re [l~cthcn~(}~lol]ille]l~ia such as p-all~illo[}lopiop}~el~ane I
or P.ll’l> (Storer and Coon) and nitrate (Cole, Bond and l:ishler) are ac-

tive. .1 variety of s(lbstances ai~ord protection if injected prior to exposure, ;
and ]Iektoen apparently ~vas the first to report such protection in 1918 by
the injection c~fi’orcig)l protein 10 days prior to irradiation. Fktradiol was :
sbo\~n to decrease mortality if injected 10 days before irradiation of mice

(Trcadwcl], Gard)ler, and I,a\vrence; Patt ef al.). Interest in chemical
preprotwtion \vas hci~htened in 19-K) by the finding that SH-colltailling

con~po~llds such as cysteine (Patt) and glutathibne (Cronkite CLa/. ) yield
considerable protection. The list of cornpollnds that affcJrd some degree

of protection has gro\rn steadily, and the subject has been revie\~ed ex-
tensively (Alexander and Bacq; Bond and Cronkite; Bond and Robertson; ,
Report of thel”nited Xatiolls Sciel~tific Con~n~ittee). Son~e(iozen. }'-alkyl,
.Y-arvl or.V-acyl derivatives of cysteine have been reported to be protec-

tive, as well as other s~llf~ir-(’olltail~illg conlpoullds, e.g., thiourea. Certain
colupmlnds \vith branched or prolonged rarbon chains such as 3-mcr(vipto-
propylguallidine arc effcrtive, as are a number of compounds \~ith pro- ~
nounced ]]l~a]t~~acologiral” and toxicological activity such as histamine,

/
wrotonin, L>OP.1, epinrphrine, osytocinj reserpine and apresoline, anes-

thetic agents, and ethyl alcohol. other substances include salicylic a(,id, ~
zinc, cobalt, magnesium, sulfate, chlorpromazine, ~>helating, agel]ts, n~or-

phine, lilloleate, oxypolygclatinj aild certain vacci]les. Reported protection
by- flavailolws {Rckers and I;iekl; Clark cf al. ) was not fou]d hy others

(('r()l~kitP (/~/.; 131t(11a]iatI(f ol.). r~(~d:itel ~(]]>rr,])rotertiv oag{i]it I]wpr(jved

>Ilitfit)](’ fo]” ]Ir>ll’ti(’tl] })rl’pl”(Jt (’(’t iOll ill the ])(111)2111 h(’illg, and [ll}y S(l(. h

w>l~t of (“~lllr~(’ \~’)~ll(i h:~~e t(”) I)(> .<i\-e!l prior to exp(Jsure t~o Iw dle~’tive.
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OIIC (0111])!,1111(1, s?, J-:i~!l\t!( )-{lil)l l.()tl\i() iilt]tii:])l l;: 1[[:! .\l:’1”, Il:i.
sltcI\i II XIII:( I)],}llli+( III 11!],.IY::III1 II(II;L(I.11of It,\ Illzi, (I(IcL7( (,1 (IfiI( 1,!(

11{’>> :lll~! lo\\” t(l\lllt)\\llt,!lgl!1!101’:1!1}”to I“(}(l!’llt>.‘1”1[1,.(i’it\(ll’;il,l<([:1:111-

tir> 11:1!”(t)(’(,li IfJ>>])lO1)()(lll{’(,(/ 11,Ill$zl(’r’>])(>(1(, ?, ]If}\I(\-(r, tli( l[)(}j:itii~ll,~

by Nlll(l] pr(,l)l (Jtt,it i\ [’ :Ig(,:l(> ii(,[ :art, Ilot [.le:lr and al’e (.olll I (.l\”(,l’>i:ll

HJj)(IILr aII(l l,y]](]xiii-irlci~l(il,y a~tl~t> are effet[ i\e prc~uIII:it)ly })y a

rdll(.tioll ill t]{(> fo[’lll:~ti{ltl of fl’(>[iI’:l[]i(:l],<, :I1lL1ii is Ilo( (](,[11’ liO\f- Il\:Lll}’

of the prote(tl\”(” agwlt> IIlaj” act nt least Ill lM1’! I’r(l till> Ille(’1)>l]ll>11). .i

llulllb(’t’ of (’O[llpOlt Ild> nt’(} })l’(, S(111)?(] to il(t t]l I oll~]l [i fl’e(’ I’tidi{,:t] S(.~\ [,11~-
i[i~ nl(’(>h:ll]islll) i.p., by (’O1llPC’[ iIlg for i]lt~t?(~]]ll]:i~ fl’W)~Lldi(,[l]S[)rodll((’d

Ljr tll[ radiation. ‘H, iol (oI~i])oIIIl(.1< are kImIYII to hal.v a grmt afhIiity fc,r
frw r-a(di~als. “l%ese nlechanisti~> would not cx[jl:~ill p] otect iotl ag:~illst tllc

direct eflects of radiat io!i, altliougl! it is not estat)lisl]ed what proportio]l

of the total effect is dire<t or il~direct under various (irt,~ll~~stiit~cos. Some
age!lts apparently protect ~JY indu(’t ion of mrtabolic cha]]ges; others

presumat)ly by restoration of injury in the prilnary target.

9.7.5 Shielding Eject.s ({LISOsee sect ioll 9,8.?). ‘I’he prclt otypc of shicldil!g
experiments \vm initi:ited by Chiari ]vho in 191’2 demmwtr:-rtcd that bol~e

marro~r of the rabbit ~vhelt trwlspl:lnted to the splewl N-OUM gro\v only if

the spleen \vere shielcle(l ~lld the rest of the animal were irr:~di:~tecf. Fal~ri-

cius-~[oller clearly den~ol~strated th:lt shieldi}lg of portiol~s of the slieleton

prevented the fall in blood plat elcts :~l]d hemorrhage f tom closes which

uniformly killed his Unshielded rminmls. Chrom ( 193.5) report [d o series of
experirnel~ts on shieldil~g portions of the abdomen aurt its influenw on
phagocyt osis of bncteria. The technique of shielding h:w been elmbornted
and exploited by Jacobson et al, ill n l:~rgc series of :~rticl+ ill the past fe\v

year>. J:wobwrl :md hi> group have k(J\vn u very striking protect iol~ of
mice to an approxinmte ] 00 per cent lethal close of mdi:lt ion ~vhell the

mouse spleen* and the other organs are shielded N-ith lc:id. $hielding of
these org:uls resulted in a \-cry marked il)cre:~se in rvt e of hemopoiet ic rc-
gelleratiol~.

Other shielding expcrimellt+ h:ive demons~rated protection; for example,
shielding of the adrenals (FklelnwnlL) aIKl the hwd [.%llell e( al.). Bond et al.

have showu that the time sequence , survival time and l~ature of detith i.s
different \\-hen the abdomen is shielded than M-hell the skeletoli is shielded.
It re[luircs a l:~rger C1OSCitl r to kill \vhen the atxlomm~ is shielded :Il)d less
when only the t~bdonlell is exposed , :~nd thus a go(Kl p:lrt of the skeleton is
shielded, ~l)clfjlllelj.expos[~{] :~ni:ll:lls dic nlore quickly. l>rotection is COII -

ferrecf if one-half of the body only is exposed, follo\ved ill Ii m:~ttcr of mill-
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* The mouse spleen >hows extensive m}elor)oiesis under normal con(lltions; hence
the protective effect of splcnic shicltling in tile mouse is not lleccss:~rily son)ethirig

that is unique to the splcnic tissue per SC.
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stltllt loll of el(’l)l(,llt> lll:ti all 1)11101,:<(.: }1(, ill: I)lo(llt(wl Ill T]](’ All!!l(!

Cal(.g’ol’j’t 011(> (,:111 illlii:; lkf tl)(l)l,(l,:i~!i+ll, :~. l,(il):( l\l(t, )tl[(>ti lllll!:\Ti,, \

Of pl’{’(”111’>or(’(’11- that :~1(, Ir]j(lr(,(i, I,i}t >t ill (,:iptIl)l( of r(5])(III(lilI~ to ~il:y>l(,

logi( ’al still~([li (Iljttlloi){,i(ti!l, l(\ll.()(yt()>i> ~)rol,(,tillg fatolj (t(. $ tlmt
are knowli to cxiht, altl)otl~ll not j(,t a(l((~lutt(,ly (’llLL1ii{’i(>liZt’i~. Illtt’1’(’~i

has Cplit[,re(] ILlail)lyarollll(j t])(ll)((ll:llii,+ll) ()[ t]l( )(>tc)t:(llv(,cfl((t ill tlii,

first category, al,d tl}is \yil} lw p(irs[wc] ill M)J)l(, (J(l:!il h(ie (for Ic,,i(,N> 0[

this su})jm:t, see (’rollkit( and Ih~lld; lk}]]d and (’ro[lkit(,: ,Ja(I(Jl)M)~~; l{e -
port of l-. x. S(i(]ltifi( ~ol]llliitt(,(; ‘l”i>~(le ~l[)~l~oti:ifisl)l:lllt:~tiotl (’oL\f’el-
ence).

Stlldies 011 ll)eas~ll’(w to illdl[cc a(rclcrat[>d rcftoratioll” of tissilf’> ha(i

th~ir gelle~i~ ill ~hk’ldillg f’Xpt’l’illlCIlth, ~{(’StOra[i(Jll or rt~golwratio[~ of

most tissues wcurs it~ the al.ISCII(,Cof spw,ia,] n}casurcti if the radiatiol~
dose is low enough to allo\v spo[ltancous sur\i\al (it is possil,le to ha~t
perlnanent atrophy of sollle tissues that are Ilot essential to life, e.g.,

reproductive cells, Or of portions of tissues that are essel~tial to life).

Of l~~ostil~~poltallcef oril~ll~~cdiatest lrvivalat racliatiot~ dcjsesii~tlle lett~:il

range is restoration of the henlatopoietir tissues, and the degree to \fhiclL

shielding or allied procedures accelerates re~toratio~~ of other tissues, or

influences ultimat~, longevity, ge;lctic danlage or tull~or induction, is not

well defined, Shic]c]ing or parahiosis apparently doe& not protect a~aillst

most types of radiatioll-itlduced nc~oplasn~s (llais.il~; Bre(her el al.; (’ourt -

Bro\vl]; Finerty), hut does against lyl~lpholnla ind~letioll (Kaplarl) or

myelocytic leukemia (L”pton et al,) in nliec.
Early studies on shielding and restoratic,l~ of irradiated tiwws go t~arJi

to Chiari (1912) and ];abricius-31011rr (1921) (SW Cronkite and Brwher).
The later studies of Ja,,ol]son and his associates led to tl!e col~cept that

“hul~~oral factors” \\-ere preser!t in the shielded spleel~ of the irradiated
n~ouse which illd~l(,ed rlpid rf:storati{~ll of the irradiated hcn~opoietic tis-

sucs elsew-here i~~the bodY. Their \\-ork and col~cepts are sunu]~arizec] ill
revie\~s by ,Jarobsoll et (d.

Stuclies on the n~echanisnl of the p).ot~){t~ol~affordc,d by parabiosisllavc
been pursued by Fil~erty et al ., Schlmider et al., l~ilhan~ll~er ct al., ald
lletz e/a/., al)dit \vascolL(lll(~ed that theeff(,ct \ras not n~ediated through

spleen, adrenals, orhypopllysis (I~i[lerty et al., Srhneiderct al.). S\vift et al.

succw+sively irradiated portions of the body, fol]o~vcd after varying tillle

intervals with irradiation of the entire rel~~ai]lil~g portion of the body.

This proced~lre signifi~antly increased tile survi\al rate. These studies indi-
cated strongly that the protective factor circulate al~d can he quickiy
picked up by tissues that have kwen irradiated.

COIC and associates have investigated the possible existell(,e and s\lh-
cel]ular location of t}}e prott,c,ti\,e “spleen factor. ” I’;arly i]~ their \\-ork,



it hecal~w clidcllt that age, Araitl anti >iw~ies \\-ere factors that itlffurmcwf
the results. The effect ivcncss of several stihcelllil:w fractions of’ spleen

holllo~rwt es prqmmd I)y the S\hlieidw-1 [(W’INXNUt eehni(lues \f 2s then
tested. The ~xperil~~et]ts (wl](’l\lsi\ely Ao\ved t hat t here \vas 110rwt (Jrative
e~fect cotmwtcd Nitll the l~}itc)~tloll(lliil, microsonws or Soluble Xllpcrl~a-

tant fractions. Tile restorative effe(t \rss fo~lld only with the w*II nll(lcws
fraction. Since relatively fe\v illtart cells trerc f’oulKI 011stained slwars of
tl~c nu~clws fra(’tiol~, it was believed that their exprrimcnts strotl~ly WP.
port ed the conwpt that the rest orat iie effert, \vas nolwel]ular and aSSo.

ciatcd with the 1~~1(’le~>~]rotei]ls,l:urther Audiw on the splcmic Ilollmgellates
have sho\vn that DS.lase ~nd trypsill ilurcti~ate the moterial, as does

distilled water extraction l~nder r:arious conditions. Siwe enzynirs are
helicled Ilot to attack living inta(t cells, these experiments ~~ere interp-

reted as indicating that the a(tive principle is associated \vith I>X-.i

and not nwessarily \vith li]ing wlls. These contentions arguc{J strongly
for the noncellular comwpt.

It }vas t hou~ht early that N wlies wit h het erologous marrow- n,ight pro.
vide the definitive ans~ver to the question of whether cell transfer is in-
volved in these protective phenomena. Lorenz and C’ongdon, and (’ongdon
and Lorenz report cd that honlologous al~d heterologous ground hone favor-
ably nlodify lethal radiation il~jury in the mouse. Transplant ecl hon I(Jlogous

tmne developed I)olle l~~arrow, I?ut heterologous bone transplants did not

show bone marro\v formation. ‘he same il]vest igators reported protection of
soInc strains of lllice by illt ravenous irlject ions of rat bone marrow fwiulsion

fronl certain st rairls of rats. They iut erpret ed the bone and horw Iliarrow

transplant A uclics as evidence in favor of the existence of II hunwal factor.

Cole etd. protected nlice with rat borle n~arrow. l,ate deaths after z \veeks

\vere common.

.4 British group (Bmnes and I.outit) hare made a series of contributions

on the nature of the restorative action of splenic implants and homogenates.
Initiallyl they confirmed the effect i~-enes of sp]enic homogen:ltw, I-ext,

they showed that immunization of one >tr:ain of mouse (CB.i) by ~train i
-h(jrt-lived protection of CB.i micemst(, rial prevents protection; \vhereas, s

ewdd he obtained by use of strain .$ nlaterial in nonimmurw rtiice. In

general, their ekpcricnce lvas the salne as Cole et rrl. in that freezilg. thaw-
ing, irradiation, and forn~alir~-t r-eatnletlt inactivate] the principle. Their

studies, extensively (:onfirl~]ed for bone nmrrow, Aowed that tlw restora-
tive principle of ir~tart CB.! mice spleens could be preserved when the
spleens are e(luilibrat ed \~it h glycerol serun) and stored at – 70:f.’. for as

long as S3 days,

Recent ly very .~ig[)ificant >t udies, incon t revert ihle w-hen C()n-idor(.rl t(l-

g~tller, haye I)t?en reportec] i]]dep(~l)dcritlv by ~e].era] different h~fimitories
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E\l)I\TI(. )Y IX.J[ 1:}”. I’1> P\ll I(!I, l.\” I ,.1> .\\l J ‘lt[l,l{\ l’\
.), )-
--. )

conclllsi\t’1}’ pro\”ilig ll~:[t cf’lllll:~r tl’:lll >])l$lllt:itillli C: III :LIIII (ltK,~ l.I~,f’ j)l.Ifv

I.i]](l--l(:y (/ al. :IV:LIII(I tlt(liiw!~-(.{It[l\(lIl(m(lljlIIIIl[,{,lt:lill .I!lill!-{,i l[i -
:uid prt}vcd th:it t“(lll[’ii(lll,~l (Il”J-tlIl~IjJtI!t,t]{, ti-.-.ll(, (If tlI( II LII; I)r ,II\IIII:Il 11:1.

impl:llltwl ill the itv:l(li:[t(vl llo.t :iIII1 \\-:L. ~)r{)(ll.1~.i)]~ ((’11- cli:[l,i([(’LIFl~( of”

the d(n)or, .-i> pt)illtetl (l\lt ]Iy ]Df)r(i (’/ a/., thi. ]lli&ilt t)e CI)III}I:LI’:L] )]L’ to

transductio[l ill l):lctvri:~. X-o]iell ef (7/. took o(lv:~l~t:~g(, ()[ tl](’ t’:i(”t th:~t r:~t

leukocytes gi~e a N N)l)g po>it i~-e :ll~:ilille p]], ).ph:(t:~~t- :Lt~d lnt,i].f l((i~t~-

cytes give n uegative re:icticl[l. Irrt~di:(tml [Iii(,e \\cr(, i[)j(,(’twl Nith r;~t hon(”
mwrow. This inert-w.ed the wr\ i\:il r:~tt’, l)ho+p}~:~t:I>r-po+it i\c \\ hit c Lltx)d
cells lYere found in the p(’ripht’r:ll 1)100(1”:LI](Itll(e hone m:\rro\v >hc)\\ i]): tll:[t
tr:lllspl:~~~t:itioll had i[~ :]11pr{.)l):(bilit}- occlil N,(I I1o\Ye\’cr, thcw, :l~itll(]l> (1~)

not ru]c out that the phcnotllcl~o~l m:~y ]):i\e bet’11 illdllccd it~ the host C(ilk;

a rather ulllike{y explallat ion. Ford et al. h;~~e, \vithl)u( doul)t, pr,)vt,d th:~t

t rwsplaut [It ion of donor hemopoiet ic cells h:ns occurred. They used n di+

tinct ire “marker chromosolne” that h:id bect~ induced by :1 r:diatil}n re-

ciprocal t ranslocat ion of chromown~es yielding a smiall clist illct i\e twily

detected chromosome. JYhcll spleen homogeni(tes \verc prepared fror~~ ti~e

spleens of mice possessing this dist iuct ive chromosome, the prolifer:lt i\”e
hemopoiet ic tissue of recipient mice consist CYiprec{on~ill~llt IY of the m:lrked
celk Brocades et al. have den~onstrated continued pmlifcratioll of rat
lynlphocytic cells in irradiated n~icc, 3kkinod:~n by quantitative inlnl~\l~o-
logical tests on red cells pro~cd that irradiated l~]im hetcrologo(usly pro-
tected by rat bone n~arrow eventually de~-eloped 100 per cent rat red

cells and also cor~firnled Xo\Ye]l c1 a/. oil the prewn(e of rat gran~ll(xytes
by the distinctive phosphatase reartioll. It WOU1(l api)tmr that these four
studies would have drivelr the ]zst “c:ofhn nail)’ into the “hl LllloJ”al theory

of ,Jacobsoll”; ho\\-ever, proof of transplal~tatiorl does not exclllcie a IIIIIIIOJXI

contriblItion. ln fact, ,Jaroslow and ‘1’aliaferro have apparently clel~~on-

strated that there is a nollcelllllar factor associated \vitll diverse l~~ate-

rials such as n)ouse spleen, Hel.a cells, and yeast autolysate that restores
the ability to produce antibodies, C’. 1,. J[iller has also dcl~]ol~stratecf a

heat labile wrull] factor that is necessary to Aain the prot ert ive etl’et,t of

cells of en,bwo spleen or liver in tissur rultures, altho(igh tllc fact is not
necessar}- for viability of the culture.

.% il~di{.ated earlier, ~~hile protection is afforded under solne cirtwm-
stances in -.f-hich the injected cells are not gerletically identical to th(w,c
of the h(t;i. su(.h protection is ~~s~~ally short-lived. Survival of the ~rtift ‘
and hos~ i< ~iepelde[lt oll the llistoc’ol~lpatil)ility of the allti~cllic pattern
of the dou,r wnd host, llistoil~coll~pati})i]ity is asso(,iated ~~it]l tl~o groups
of antige~x. the H-antigens that result in production of hul}~oral anti-
bodies, arid T-autigelw that produce tissl~e ilnn~ul~ity hut not detectahlc
circulating ~ntibodi~s. If the dose of rac]iation is not sufYlcicntly hi~h,

. . . .

,



t io]~, lyn~phoid tissue at ropl]y atd ~cneralized \vast ing away of tissues :
(COIlgdeI~). This react iol~ is frelluelltly tcrll]ecf “swondary diwase,” and is

helievcd to be chief{y the rcwlt of’ a reverse illll~lunological reaction, i.e.,
rea(,t iol~ of the grafted tissue against t Iiat of the host. ‘l’he reaction is po-

tentiated if even snlall aluomlts of lylnpho~~ytic cells are tral~sfused with
the marro~v. Tl~e setmudary disease has been drmonst rated in se~eral

animal speties iliil(dil~g mire, rats, guinea pigs, hamsters, rabbits, monkeys
and dogs. Thrre appears to he little (~ucst ion that an individuals’ own bone
marrow, or that from all identical tw-in \vill “take” if infused into the
irradktcd human tmillg and may he life-saving. long-term survival of

atltigellcti(ally lmllidcntical (homologo~us) marrow has been reported

in a hums]l being ~vho had received cbemothcrapy for a blood dyscrasia
(13eilby). ~[athc! has reported a temporary “take” of homologous marrow :
given to several individuals IYhO received high doses of radiation in a ~,
reactor awident, and has reported successful transplantation al~d ‘ssecond- ;

ary disease” in leukcnlic chilcireu gi~’en high doses of whole body radiation {

follo~ved by infusion of hol]iologot~s lnarrow. The procedure has not been
curative \vhen applied to indi\-iduals \vith leukemia. Howeyer, radiation
apparently has allo\ved successful transpla]ltation of homologous kidneys
in the hun]an being (3 [errill et al. ) and more practical applications may be ~

expcctcd in the rapidly developil~g field of tissue honlotransplantation
d

(see Report of Tissue Ilon~otransplantat ion Conference).
Thus it nlust he arwpted that transfer of \-iable cells \vith the potential

of restoring hrnlat opoietic tissues (and the ilnn~une response) does occur.
However, the identity of t be stem cell or cells transferred remains unknown.
It must be recalled that with shielding of the spleen or marrow, apparently

f
$

cells capable of stenl cell activity are carried uia the blood stream and
initiate repopulation of the depleted marro~v areas. Injected peripheral
blood cells and cells froul peritoneal \vasbings \vill proliferate as \vill bone

marro;v ill the irradiated host. It is known that a ,snla]l percentage of cells i
}

l~ormally present in the peripheral blood are capable of DN’.4 synthesis ;
and thus presunmbly of proliferation. Eviden{,e has been presented indi-
cat ing that these l~~ay not be the san~e re]ls that gi~e rise to mit”otic figures ~

\vhen norn~a] peripheral blood is cultured ulider appropriate conditions. i“
$’

The problenl appears to bleud il~to, and lnay answer at least in part the

more general old henlatologiral problenl of the origin of extrameclullary
he mat opoimis. Is it aut ocht honous or nwt ast atic ? Proof of cell t ransplan-
tation does not rule out or excl~~de ~,o[l]pletcly a hunloral contribution
~vith stil~~ulus for autochthonous grmvth. Iio\vever, it does seen) (’lwr
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